suMMARY Forty primary carcinomas of the thyroid of different histological types were reviewed and studied histochemically, with the aim of identifying and assessing "mucin secretion". The patterns of extracellular "pure alcianophilia" and "mixed alcianophilia" were noted in 7-5% and about 50% of these tumours, respectively. A critical review of the pitfalls in methods and interpretation of mucin histochemistry-as performed in previously reported cases of "mucin secreting" or "mucinous" primary thyroid tumours-is presented. The apparent "mucin secretion" described in these unusual neoplasms could be due to histochemical staining of carbohydrate components or breakdown products of thyroglobulin and colloid.
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Cases of "mucin secreting" or "mucinous" primary carcinomas and adenomas of the thyroid have been increasingly reported in the past decade.' -19 The diagnosis of "mucin secretion" in these unusual thyroid tumours has essentially relied on the apparent positivity of different histochemical methods for mucins. These methods are more conventionally used for the study of epithelial mucins secreted by goblet cells of the gastrointestinal or bronchial tract. The major implication of these reports' -'9 has been that the follicular and parafollicular cells of the thyroidan exclusive endocrine gland, by definition-could also produce "mucins" in primary tumours, in a manner similar to that of epithelial goblet cells in exocrine organs. Does conventional mucin histochemistry applied to thyroid tumours actually identify substances, which could be regarded as being equivalent to gastrointestinal and bronchial mucins, or, alternatively, show up components or breakdown products of thyroglobulin and colloid?2
In an effort to clarify further the nature of these so called "mucin secreting" or "mucinous" primary thyroid tumours we carried out a histochemical study on 40 primary carcinomas of the thyroid, using two combined staining methods for mucin identification.
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The original haematoxylin and eosin stained slides of 40 primary carcinomas of thyroid were retrieved from our files and reviewed. These 40 cases were classified according to current histological nomenclatures20 21 and included 22 papillary, nine follicular, five anaplastic, and four medullary carcinomas. All the material had been fixed in formol saline (pH 7). The paraffin blocks of these 40 cases were recut and numerous additional sections stained by two combined histochemical methods for mucins: 1 Alcian blue (pH 2.5) and periodic acid Schiff after diastase digestion (AB/PAS), which distinguishes between acidic mucins stained blue by AB and neutral mucins stained magenta by PAS (mixtures of acidic and neutral mucins produce a purple colour). 2 High iron diamine and alcian blue pH 2-5 (HID/AB), which differentiates sulphomucins stained brownish black by HID and sialomucins stained blue byAB.
These two combined histochemical methods were performed in batches, with adequate positive and negative controls, and strictly in accordance with the methods recommended by Filipe and Lake. 22 We have been using this in our laboratory for many years, with consistent, reproducible, and reliable results.
In this study the term "alcianophilia" was defined as any positive blue staining reaction (extracellular or intracellular) caused by the AB component of 890 As mentioned earlier, mucicarmine has been extensively used in most reports on "mucin secreting" and "mucinous" primary tumours of the thyroid. Mucicarmine, however, will stain some but not all mucins.28 29 Sialomucins and weakly sulphated sulphomucins give positive results with mucicarmine, but neutral mucins and strongly sulphated sulphomucins tend to be negative with this stain. Recently, Cook questioned if mucicarmine had a real place in the contemporary armamentrium of histochemical methods for mucins.28 He also suggested that the combined AB/PAS technique, "will establish the presence or absence of tissue mucins more certainly and more informatively" (than mucicarmine). Furthermore, Drury and Wallington29 pointed out that the preparation of an optimally avid mucicarmine staining solution is difficult and may vary, depending on batches; commercial mucicarmine tends to be less satisfactory than mucicarmine prepared in the laboratory. The pitfalls of mucicarmine staining are exemplified by the negative findings of two earlier and often cited studies on "mucin secreting" or "mucinous" primary thyroid carcinomas.30 In contrast to the apparent positivity of the mucicarmine technique reported in recent papers,368'2 1415171923- 25 Foster and Levine30 and Klinick,3' searching for "mucins", failed to show carminophilic material with mucicarmine in their two extensive series of primary thyroid carcinomas.
PROBLEMS OF INTERPRETATION
Previously published reports''9 have based their claim for "mucin secretion" in primary thyroid tumours, essentially on positive staining with the above histochemical methods. One important fact, however, has largely been ignored. Human thyroglobulin-stored as "colloid" in thyroid follicles-contains different carbohydrates, such as neutral sugar, acetyl hexosamine, sialic acid and fucose,32 representing 2 to 4% by weight of thyroglobulin. The carbohydrates contained in thyroglobulin and colloid, or their breakdown products, could well be responsible for the positive staining observed in the thyroid tumours reported as "mucin secreting" or "mucinous". Two findings favour this hypothesis. Firstly, "mucin production", whether intracellular or extracellular, has generally been described as scarce and scattered in most of these thyroid tumours. ''1923 There has been only one instance in which pools of abundant extracellular mucin were noted.3 This observation would be in keeping with the known low sugar contents of colloid; an excess of these carbohydrates, however, due to increased tumour cell turnover, could still be envisaged. Secondly, some authors have shown that the "mucinous" material stained by mucin techniques also shows positive immunostaining with thyroglobulin antiserum." 16 23 The above interpretation of "mucin secretion", related to the carbohydrate contents of thyroglobulin and colloid, could understandably apply to thyroid tumours of follicular origin. But what about cases of "mucin producing" medullary carcinoma? It has been increasingly recognised that thyroglobulin immunoreaction can be observed in medullary carcinoma, and several cases of so called "mixed medullary follicular thyroid carcinoma" have now been reported.3336 The origin of this thyroglobulin immunoreaction in medullary carcinoma, however, is yet unresolved: direct synthesis34 36 or phagocytosis3335 of thyroglobulin by neoplastic C cells. When reviewing those previously published cases of "mucin producing" medullary carcinoma, which were also studied by immu-Rigaud, Bogomoletz nohistochemistry,6 8 it is somewhat surprising to realise that only calcitonin immunostaining had been performed and that thyroglobulin had apparently not been tested.
Conventional electron microscopy has also been performed in a few instances of "mucin secreting" or "mucinous" primary thyroid tumours.' -72 13 The interpretation of the ultrastructural nature of intracytoplasmic "mucinous" material, however, has often been based on the assumption that prior histochemical methods had identified mucins as such. The possibility that "clear vesicles",5 "mucus granules",6 "mucin like vacuoles",7 "mucin like droplets"'12 and "vesicles of mucus"'13 could actually represent thyroglobulin or colloid has not been fully entertained in these electron microscopic studies.
In our present study 40 cases of primary carcinomas of the thyroid (papillary, follicular, anaplastic, and medullary) were stained with AB/PAS and HID/AB, according to a strict methodology. The positive pure and mixed alcianophilia observed in 7.5% and about 50%, respectively, of our material could be interpreted as representing genuine mixtures of acidic and neutral "mucin". The histogenesis of such genuine "mucin secretion" in thyroid tumours, however, remains difficult to explain. Of course, dual differentiation-that is, combination of mucin secretion and endocrine function-could be envisaged for these unusual thyroid neoplasms."1 16 Certainly, it is conceivable that neoplastic follicular and parafollicular cells of the thyroid could undergo dual differentiation like other endodermally derived neoplasms (lung, pancreas, or gastrointestinal tract)."
Nevertheless, because of existing problems of methodology and interpretation, we feel that the evidence published so far to substantiate the concept of genuine "'mucin secreting" or "mucinous" primary thyroid tumours is not entirely convincing. This evidence is therefore also insufficient for comparing these thyroid tumours with conventional mucin secreting neoplasms derived from gastrointestinal or bronchial origin. Carbohydrates contained in thyroglobulin or colloid could well be responsible for the apparent "positive" staining obtained with the conventional histochemical methods for mucins, and this could apply to thyroid tumours of both follicular and C cell origin. Addendum Since this paper was accepted for publication, two additional cases of signet ring cell "mucinous" adenomas of the thyroid have been described.3 The author used 18 different histochemical methods (some producing overlapping results), coupled with thyroglobulin immunostaining, and his overall conclusion lends support to our present study.
